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Gas-liquid partition chromatography (GLPC) is an important physico-chem- 
ical method for determining the parameters that characterize the solubility of a sub- 
stance, the liquid-vapour equilibrium, the intermolecular interaction and other phe- 
nomena1v2. In using this method to determine the equilibrium constant, KA, of a 
molecular complexation process 

A+B*AB (1) 

one should measure the retention data for a solute B (chromatographed substance) 
using a column filled with a mixed stationary phase containing an active component 
A. Usually the stationary phase consists of the complex-forming component A dis- 
solved in an inert (as regards complexation) component S. In many instances the 
dependence of the retention data relating to the composition of the mixed stationary 
phase are non-linear and are analysed in terms of energetic effects due to mixing of 
the components that form the phase. However, when a particular property increases 
linearly with increasing concentration of the complex-forming compound A, then 
one can evaluate the complexation constant, KA, of eqn. 1 l-lo. The following equation 
that enables one to do this was derived by Bradford et uZ.~, Littlewood and Willmott4, 
Purnells and Soczewinski and Golkiewicz9 by relating the retention data to the law 
of mass action: 

K = K” (1 + KAxA) (2) 

where K is the partition coefficient of a solute (B) between a mixed stationary phase, 
in which the concentration of the complex-forming component A is CA, and the gas 
phase. In this paper the molar fraction, x A, iS Used as the COnCentratiOn Unit. K” iS 
the partition coefficient for XA = 0, i.e., f or the distribution of the component B 
between the pure non-polar component (S) of the stationary phase and the gas phase. 
KA is the equilibrium constant of the complexation (eqn. 1) and is expressed in the 
unit reciprocal to that of the concentration of component A. 

KA can be evaluated by plotting the ratio K/K0 against xA, when the slope of 
the dependence taken at XA = 0 is equal to KA. In this study XA was varied over a 
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fairly wide range (see Tables II-IV) to establish whether the linearity of eqn. 2 is 
obeyed. A deviation was usually observed for higher xA values, so the & value was 
always determined from the small x,, value portion of the graphs. 

The & values determined in this way assume that the activity coefficients 
approach unity with dilution of the solutions. The & values are solvent dependent. 
The solvent used here (squalane) is one of the most inert, so the data determined 
represent well the complexation process between the species A and B. For a thorough 
discussion of the state of reference for & determinations, see ref. 2. 

From the & value one can calculate the differential standard free enthalpy, 
AG, of the complexation process: 

AG = -RTlnKA (3) 

The temperature dependence of KA gives through the van ‘t Hoff isobar equation 
(eqn. 4) the enthalpy of complexation, AH: 

AH 
=- 

P RT2 (4) 

where R and T have their usual significance. After integrating with the assumption 
that AH is constant and substituting numerical data, where possible, one can obtain 
the equation 

log & = - & * + + constant 

(AH is in J/mol). Hence AH can be determined from the slope of the straight line of 
log & versus l/T. Eqn. 2 can be extended to systems in which, in addition to 1:l 
complex, a 1:2 molecular complex is also formedlo. 

The gas chromatographic method discussed here has been used for determining 
various physico-chemical data of many systems. It has mainly been applied for char- 
acterizing the most popular multi-component stationary phases4v9v1 i-l 5. Haky and 
Muschik’ 6 used the method for investigating the properties of liquid crystalline mix- 
tures. Many papers have been devoted to measuring the physico-chemical constants 
of molecular donor-acceptor complexes formed between a solute introduced on to 
a column and a complex-forming component of the stationary phase. These ther- 
modynamic data were determined for the complexes formed by derivatives of het- 
eroaromatics with dibutyltetrachloronaphthalate’ l and of tetradecylamine with 
chloroform and methanol’O. 

The method has also been used for investigations of interactions between vol- 
atile compounds with polymers’ ‘sl * and products of coal liquefication19 and also 
between bis(ethylhexyl)tetrachlorophthalate and volatile solventG2. 

The aim of this work was the determination of the quilibrium constants and 
the enthalphy of 1: 1 molecular complexes formed between some pyridine bases and 
lower aliphatic alcohols. 
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EXPERIMENTAL 

A two-component stationary phase was used, consisting of a pyridine base 
(quinoline, isoquinoline, acridine or 2,6_dibromopyridine) and squalane, the latter 
serving as an inert solvent. The weight ratio between the pyridine base and squalane 
in the stationary phase was 1:7, 1:5, 1:3, 1:l or 3:l. 

Each of the mixed stationary phases was introduced onto the support (Fluo- 
ropak, 4&60 mesh) in the weight ratio 1: 10. The stainless-steel column (1 m x 4 mm 
I.D.) was filled with the packing, then heated at 343.15”K (70°C) for 20 h with ni- 
trogen passing through at a flow-rate (measured with a bubble flow meter) of 40 
cm3/min. The inlet pressure was measured with a mercury manometer. The retention 
time was measured at 3 18.15, 328.15 and 338.15”K (45, 55 and 65°C) at a nitrogen 
flow-rate of 40 cm3/min. Methanol, ethanol or n-propanol was introduced on the top 
of the column (0.2-1.2 ~1) and then the retention data were extrapolated to zero 
volume of the sample. For all the measurements a Giede (G.D.R.) Type GCHF 18.3 
instrument equipped with a katharometer was used. The density of the stationary 
phases was measured with a pyknometer. The data obtained are given in Table I. 

RESULTS AND DISCUSSION 

The results obtained are summarized in Tables II-V. 
When the stationary phase contained quinoline, isoquinoline or 2,6-dibromo- 

pyridine (component A) then the retention data (retention time, specific retention 
volume, partition coefficient) increased with increase in the concentration of com- 
ponent A, xA, (Tables II-IV). The dependence was linear with a slight deviation for 
higher xA values. 

This behaviour indicated 1:l molecular complex formation between solute B 
and component A of the mixed stationary phase. The calculated thermodynamic data 
(equilibrium constant, K*, and enthalpy, AH) of the complexation are also given in 
Tables II-IV. Treatment of experimental data in this way was not possible for the 
acridine-aliphatic alcohols systems, as the relationship between the retention data 

TABLE I 

PROPERTIES OF THE LIQUID STATIONARY PHASES 

No. Stationary phase Composition 

1 2 3 4 5 

Weight xA* Weight xA Weight xA Weight xA Weight xA 
ratio ratio ratio ratio ratio 

1 Quinoline-squalane 1:7 0.32 15 0.40 1:3 0.52 1:l 0.77 3:l 0.91 
2 Isoquinoline-squalane 1:7 0.32 1:5 0.40 1:3 0.52 1:l 0.77 3:l 0.91 
3 2,6-Dibromopyridine- I:7 0.20 1:5 0.26 I:3 0.37 1:l 0.64 3:l 0.84 

squalane 
4 Acridine-squalane I:3 0.44 1:l 0.70 3:l 0.88 

l x* = Molar fraction of component A in the stationary phase. 
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TABLE V 

PARTITION COEFFICIENT, K, AND ENT’HALPY OF SOLUTION, AH, OF THE SOLUTE IN THE MIXED 
STATIONARY PHASE ACRIDINE-SQUALANE AT 318.15, 328.15 AND 338.15’K (45, 55 AND 65°C) 

Solute B K -AH (kJ/mol) 

xA* = 0.44 XA = 0.70 XA = 0.88 XA = 0.44x.4 = 0.70x.4 = 0.88 

45’C WC 6ST 45°C 5s’C 65°C 45T 55°C 65’C 

Methanol 27.4 22.4 16.2 32.4 22.8 16.4 28.0 21.4 15.0 23.0 29.8 28.1 
Ethanol 70.0 50.6 36.0 69.8 49.8 40.6 48.2 35.4 29.2 29.1 23.6 21.8 
nPropano1 200.6 148.6 104.2 197.6 152.4 110.4 126.0 97.0 71.6 28.6 25.5 24.7 

l X~ = Molar fraction of acridine in the mixed stationary phase. 

and the stationary phase composition was not linear and there was no evidence of 
molecular complex formation.Therefore, for these systems only the enthalpy of so- 
lution of the alcohols was determined (Table V). All the calculations were made by 
the least-squares method. The retention parameters measured and as a consequence 
the thermodynamic data for the systems studied depend on the molecular properties 
(mainly the hydrogen-bonding properties) of both complex-forming components, i.e., 
A and B. 

The highest KA and AH values were found for the systems that contained 
methanol and the lowest for those containing n-propanol. This is consistent with the 
molecular structure of the alcohols, resulting in the greatest acidity for methanol and 
lower acidities for higher homologues 20. Comparing the K* and AH data for systems 
that differ only in the electron-donor component (A) of the complex molecule, one 
can see that the highest values were obtained for 2,6-dibromopyridine and the lowest 
for quinoline. This is again consistent with the basicity and steric properties of com- 
ponent A. Similar conclusions were drawn from other, mainly dielectric, studies2 1,22 
of the H-complexing properties of pyridine bases. For example, using a dielectric 
method the equilibrium constant at 298.1Y’K (25°C) was measured for the systems 
quinoline-tert.-butanol and isoquinoline-tert.-butanol in benzene and were KA = 
9.0 f 1 .O and 21.4 f 3.0 (molar fraction)-‘, respectively. These values are of the 
same order of magnitude as those obtained chromatographically in this work (Tables 
II en III). The differences are due to the differences in the temperature, medium 
(solvent) and alcohol used and pecularities of the measuring techniques (i.e., dipole 
moment and GLPC measurements). 

The lack of complex formation for the systems containing acridine seems to 
be due to the two benzoid rings adjacent to the central heteroaromatic ring. 
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